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TITLE OF THE INVENTION 

AMPLIFIER CIRCUIT 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
5 benefit of priority from the prior Japanese Patent 

Application No. 2000-298278, filed September 29, 2000, 
the entire contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 
10 1. Field of the Invention 

The present invention relates to an amplifier 
circuit, particularly to an amplifier circuit including 
a problem such that a distortion occurs in spread 
spectrum communication. 
15 2. Description of the Related Art 

There will now be described a linear amplifier as 
one example of a conventional amplifier circuit. The 
linear amplifier inputs a low level signal, linearly 
amplifies the signal, and subsequently outputs a 
20 desired signal. In general, the linear amplifier 

comprises a differential amplifier. When the 
differential amplifier is supplied with a voltage 
signal and outputs a current signal, a load resistor 
converts the current signal to a voltage. A current 
25 gain Ali of the differential amplifier in voltage-to- 

current conversion is represented by the following 
equation using Vin as an input signal amplitude. 



Here K denotes a current value of a constant current 
source of a differential pair of transistors, and VT 
denotes a thermal voltage. When tanhyx is 
approximated, tanh^ ^ .-x3/3 can be represented. 
Therefore, the equation (1) can be represented as 
follows. 



All = A 



2Vx 3|,2VtJ 



(2) 



Here a second term indicates a distortion component, 
particularly a third-order intermodulation distortion 
(I„3, poses a largest problem as an adjacent channel 
leakage power of the signal in a spread spectrum radio 
system. The distortion is generated by presence of the 
term. Since VT is 26 mv at roon, temperature, and when 
IM3 is lowered to -60 dec or less as a condition for 
distortion reduction, Vi„ needs to be 2.8 mV or less. 
Therefore, the aforementioned linear amplifier has a 
reduced distortion only when the input signal amplitude 
is very small. The linear amplifier cannot be utilized 
in an amplifier in which a signal to be handled .s 
large in a range of 10 mvpp to 1 Vpp, particularly in a 

power amplifier. 

The third-order intermodulation distortion as a 
„ain factor of distortion of the amplifier increases 



«.e„ an output power is increased. Therefore, in order 
.o amplify the si,naX at the reduced distortion, a 
„ethod of reducing the output power per one stage of 
the aBplifier and obtaining a gain by a multi-stage 

,-<.<«r is used. However, this poses 
structure of an amplifier is usea. 

problems suoh as an increase of power consumption, 
increase of a mounting area by an increase of the 
number of chips, and cost increase. 

It is an object of the present invention to 
provide an amplifier circuit in which the third-order 
intermodulation distortion is inhibited without 
suppressing the output power. 

BRIEF SOHMARV OF THE IHVENTION 
Kcoordin, to a first aspect of the invention, 
.here is provided an amplifier circuit comprising: a 
differential amplifier configured by a differential 
pair of transistors, a common emitter amplifier 
connected in parallel to the differential amplifier and 
configured by a pair of conm.on-emitter configuration 
transistors, input and output terminals which are 
co^on to the differential amplifier and the common 
emitter amplifier, an input signal being input to the 
input terminals and an output signal output from the 
output terminal, and a bias controller configured to 
control a bias of at least one of the differential 
amplifier and the common emitter amplifier. 

according to a second aspect of the invention. 



..ere is provided an amplifier circuit co.prisin,= a 
«rst amplifier whose input-«.ou.put characteristrc 
indicates a hyperbolic tangent function characteristrc, 
. second a.pli»er whose input-to-output characteristic 
indicates an exponential characteristic, the second 
amplifier being connected in parallel to the first 
amplifier, input and output terminals which are co^^n 

1 ^ -F -i or- and the common emitter 
to the differential amplifier ana r 

^ « bias controller configured to control 
amplifier; and a bias contro 

a bias of at least one of the first and second 

FIG. 1 is a block diagram showing a basic 

n*-ior- circuit according to 
configuration of an amplifier circui 

a first embodiment. 

FIG 2 is a circuit diagram showing a configura- 
tion of the amplifier circuit according to the first 

embodiment . 

FIG. 3 is a block diagram showing the basic 

n^-ior- circuit according to 
configuration of the amplifier circui 

a second embodiment. 

FIG. 4 is a circuit diagram showing the 

i-i-F-ier circuit according to 
configuration of the amplifier circu 

the second embodiment. 

FIG. 5 is a circuit diagram showing a 

f . bias level control circuit 201 of 
configuration of a bias levex 

FIG. 4. 



6 is a circuit diagram showing another 

circuit according to the 
configuration of the amplifier cxrcu 

second embodiment. 

, is an output signal spectru. diagram when 

, ..o-tole signal is inputted to the circuit o« PXO . 

..O. B is a Signal spectrum diagram o« respective 
collector currents of transistors 0.1, 0.1- «C1 
..e two-tone signal is inputted to the circuit of 

, is a diagram of power signal input/output 
Characteristics <desired wave and X„3, of the circuit 
„G. 4 and a conventional circuit. 

,0 is a Circuit diagram showing a circuit 

. v-h »he second embodiment is applied 
configuration in which the seco 

to a mixer circuit. 

„G. U is a circuit diagram of another example 
including the circuit configuration of FIG. 2. 

.10 12 is a Circuit diagram of another embodiment 
•«-in« the circuit configuration of FIG. 4. 
"""rrris . circuit diagram of another embodiment 
in Which the Circuit configuration of .10. . is applied 

- a Single-Phase ^^^'^^^ .^^i„ent 

FIG. 14 is a circuit diagram o 
Showing a concrete circuit configuration of .10 3 . 

15 is a blocK diagram showing the basic 

m=i<=r circuit according to 
configuration of the amplifier 

a third embodiment. 



FIG. 16 is a block diagram showing the basic 
configuration ot the amplifier circuit according to 

a fourth embodiment. 

DETAILED DESCRIPTION OT THE IHVESTION 

According to an amplifier circuit of the present 
invention, the voltage signal input-to-current signal 
output Characteristic of one of two signal amplifiers 
connected in parallel with each other indicates the 
exponential characteristic. The voltage signal input- 
s-current signal output characteristic of the other of 
the signal amplifiers indicates a hyperbolic tangent 
function characteristic. The amplifier of the 
hyperbolic tangent function characteristic can be 
realized by a differential amplifier as represented by 

the equation ( 1 ) • 

on the other hand, the amplifier of the 
exponential characteristic can be realized by common- 
emitter transistors, m this case, when a current gam 
during a certain biasing in the common-emitter 
amplifier is AIj, the following equation results. 



Al2 = B-exp|J^^^ 



Here, B denotes a constant. «hen the common-emitter 
amplifier is used for a differential signal, and the 
exponential function is developed, the current gain xs 
represented by the following equation. 
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Al2 = 2B 





n3^ 






2Vt 6 1 





(4) 



A secona -cerin uj. >--a — 

coefficient is positive, while the coefficient is 
negative in the equation (2). 

Since the signal amplifier circuit having the 
exponential characteristic and the signal amplifier 
circuit having the hyperbolic tangent function 
Characteristic are connected in parallel with each 
other, a combined output current AI is represented as 
follows from the equations (2) and (4). 

AI = All + AI2 = (A + 2B) + [^T^Ii^] 

j-4.-«« «-F B = A. the following equation 
On a condition of b - A/ ^""^ 



results . 



AI = 3A 



V 



in 



(6) 



^2Vx J 

«, ideal power amplifier is obtained in which a 
distortion ter» is completely cancelled and a desired 

signal is amplified. 

Embodiments of the present invention will be 
described hereinafter with reference to the drawings. 

FIG. 1 is a block diagram showing a basic 

n^-F-ioT- circuit according to a 
configuration of an amplifier circuii: 

fi.st embodiment. m FIG. 1 a signal is inputted via 
an input signal terminal v^^. and outputted via an 
output signal terminal Vouf ^he amplifier circuit of 



the first embodiment comprises two signal amplifier 
circuits connected in parallel with each other, and a 
signal input terminal and signal output terminal are 
common with the circuits, one of the two signal 
amplifiers Is an amplifier (hereinafter referred to as 
■•exponential circuit") 101 whose signal input/output 
characteristic (voltage signal input current signal 
output Characteristic, is substantially an exponential 
characteristic, and the other is an amplifier 
(hereinafter referred to as "tanh circuit-, 102 which 
substantially has a hyperbolic tangent function 

characteristic. 

FIG. 2 is a circuit diagram showing a concrete 
configuration of the amplifier circuit of FIG. 1. 
ft differential amplifier of bipolar transistors Qti and 

corresponds to the tanh circuit, and a variable 
current source H comprises a common current source of 
the differential pair of transistors. Common-emitter 
bipolar transistors Qei and Qe2 correspond to the 
exponential circuit, and respective emitters thereof 
are grounded via a variable voltage source Vn- Base 
terminals of the transistors Qti and Qei are connected 
to a signal input terminal Di, and the bases of the 
transistors Qx2 and Qe2 are connected to a signal input 
terminal D^. A differential signal is inputted via the 
terminals Di and Dj. Collector terminals of the 
transistors Qti and Qei are connected as a common 



ter»inaX to a signal output terminal loutL 

collectors of the transistors Qt2 and Qk2 are connected 

as the co-on terminal to a signal output terminal 

It is assumed that a current value o£ the variable 
current source Ii of the differential pair of 
transistors Qti and Qt2 i« ^El- " ^^^^ * 
coefficient . of equation (1, substantially indicates a 
value of IKI- on the other hand, it is assumed that a 
voltage value of the variable voltage source V,, for 
determining emitter potentials of the common-emitter 

„ n„-, is Vpi. Moreover, the signal 

transistors Qei and Qe2 "-^ "El- 

input terminals Dx and D2 are fixed at a predetermined 
bias potential V^l, and a coefficient B of equation 0> 
indicates a value determined by Vbi and -Vei- The 
potential Vgi is adjusted so as to be B " fi. A 
aistortion term therefore is cancelled as shown in 
equation ,6,. and a current characteristic having an 

inhibited third-order intermodulation distortion xs 

obtained. 

AS described above, the voltage value Vei of the 
variable voltage source V,, is changed, and the value 
is adjusted to be optimum so that the equation (6, rs 
Obtained. In an alternate method, an optimum value of 
an emitter size or an optimum value of the number of 
transistors is estimated with respect to the 
transistors QtI, Ot2. «E1 and Qk2 in a design stage. 
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and n, vii .nay be designed as fixed sources. 

Additionally, the first entoodiment has been 
described using the bipolar transistors Qti and Qt2 as 
the transistors comprising the differential a.npUfier 
corresponding to the tanh circuit, but the transistors 
comprising the differential amplifier are not limited 
to the bipolar transistors, and «0S type field effect 
transistors or Schottky junction type field effect 
transistors may be used. Moreover, the current source 
H and voltage source Vn correspond to bias 
controllers configured to control bias levels of the 
tanh circuit and exponential circuit, respectively. 

FIG. 3 is a block diagram showing the basic 
configuration of the amplifier circuit according to a 
second embodiment. The same structure elements as 
those of TZO. 1 are denoted with the same reference 
numerals as those of FIG. 1. The second embodiment rs 
different from the embodiment of FIG. 1 in that a bias 
level control circuit (bias controller) 201 is 
connected to the exponential circuit 101 and tanh 
circuit 102. 

FIG. 4 shows another embodiment for realizing the 
concrete circuit configuration of FIG. 3. The 
transistors Qti and Qt2 comprise a differential 
transistor circuit, and the constant current source X^ 
comprises a common current source of the differential 
pair of transistors. The transistors Qei and Qe2 are 



co™non-emi«e. transistor, whose emitters are grounded. 
The bases of the transistors Qxl and Q^l oonnected 
« the signal input terminal Di via capacitors c, and 
C4, respectively, and the bases of the transistors Qt2 
and Qe2 are connected to the signal input terminal 
via capacitors Cj and C3, respectively. The 
differential signal is inputted via the terminals Oi 
and D2. The collectors of the transistors Qti and Q^i 
are connected as the co^non terminal to a signal output 
terminal O2 via a cascode connection transistor Qci, 
and the collectors of the transistors Qt2 and 0^2 are 
connected as the common terminal to a signal output 
terminal O, via a cascode connection transistor Qc2. 

, . -.4.^T,-t--ial«? of the transistors QtI/ 
Respective bias potentials or 

^ n «re suDPlied from the bias level 
Qt2' QeI Qe2 are suppiie 

control circuit 201. It is assumed that the bias 
potential supplied to the transistors QtI and 0x2 

and the bias potential supplied to the transistors 
0,, and 0.2 ia V33. The coefficient A of the equation 
,1, is determined by the value of the constant current 
source X. regardless of the value of V32. on the other 
.and. the coefficient B of the equation <3, depends on 

* Therefore, the value of Vb3 is 

the value of Vb3 • mereiuj-c, 

^« B - A AS a result, the current 
adjusted so as to be B - A. 

-hhird-order intermodulation 
characteristic causing no third oraer 

distortion is obtained from the equation (6). 

Additionally, the current source Ix -y be a variable 



current source. In this case, the current value of the 
current source Ii may be adjusted so as to be B = A, or 
both Vb3 and Ii may be adjusted so as to be B = A. 

AS described above the voltage value Vb or the 
current value of the current source H is changed by 
the bias level control circuit. The value is adjusted 
to be optimum so that the equation (6) is obtained. 
However, in the alternative method, the optimum value 
of the emitter size or the optimum value of the number 
of transistors is estimated with respect to the 
transistors Q^i, Qt2. QeI and Qe2 ^ the design stage, 
and the bias level or I i is designed as the fixed 
source • 

FIG. 5 is a circuit diagram showing a concrete 
configuration of the bias level control circuit 201 of 
FIG. 4. The bias level control circuit 201 comprises a 
voltage source V2 , variable current source I2, 

T> -o^ -Rc and Rt, and transistor Qbi- 
resistors R3, R4/ ^5' ^6 ^ ' ' 

The transistors Qti and Qt2 are biased at fixed 
voltages of V2, R6 and ^7- ^he bias levels of the 
transistors Qei and Qe2 are generated by a mirror 
circuit comprising the variable current source I2, and 
resistors R3, R4 and R5, and transistor Qsi- The 
collector bias currents of the transistors Qei and Qe2 
are a current proportional to the current value Ici of 
the variable current source 12- The coefficient A of 
the equation (1) is determined by the current value of 
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the constant current source Ii- 

on the other hand, the coefficient B of the 
equation (3) depends on the current value Ici- 
Therefore, the current value Ici is adjusted so as to 

5 be B = A, whereby the current characteristic causing no 

third-order intermodulation distortion is obtained from 
the equation (6). Additionally, the current source li 
may be a variable current source. In this case, the 
current value of the current source Ii may be adjusted 

10 so as to be B = A, or both Vb3 and H may be adjusted 

so as to be B = A. 

AS described above the current value Ici or the 
value of the current source Ici is changed by the bias 
level control circuit, and the value is adjusted to be 
15 optimum so that the equation (6) is obtained. However, 

in the alternative method, the optimum value of the 
emitter size or the optimum value of the number of 
transistors is estimated with respect to the 
transistors Q^i, Qt2. QeI and Qe2 in the design stage, 
20 and the bias level or Ii is designed as the fixed 

source . 

FIG. 6 is a circuit diagram showing another 
example of the amplifier circuit according to the 
second embodiment. Here, an inductor Li is used as 
25 a common load of the transistors Qti and Qei, and 

connected to the output terminal Oi via a capacitor 
C22. A capacitor C21 is used as the common load of the 



n and connected to the output 
transistors Qt2 and Qe2' ^na conii«^ 

terminal Oi via an inductor Lz- That is, Oi is a 
common output terminal with respect to a differential 
signal, and a differential to single-phase conversion 
is achieved. 

Assuming that a signal frequency is f, values of 
the inductance Li and ^2 and capacitance C21 and C22 
satisfying the following equation are selected. 

1 ^ 1 (7) 

^ ~ 271^^1 • C22 27cVL2 • C21 

Then, a phase shifts by +/-90 degrees at the frequency 
f . AS a result, an amplified signal with the same 
phase is outputted via the output terminal Oi- 

FIG. 7 shows an output signal spectrum by a solid 
line when a two-tone high-frequency signal is inputted 
to the circuit of the present invention described with 
reference to FIG. 4. Moreover, a major signal spectrum 
of a general differential circuit as a conventional 
circuit is shown by a broken line. Here, it is assumed 
. that the circuit (FIG. 4) of the present invention and 
the conventional circuit have the same power 
consumption. The input signal includes two tones of 
2.05 GHZ and 2.055 GHz, and an input signal power 
is -10 dBm. in the circuit (FIG. 4) of the present 
invention, the output signal indicates 350 mV. This is 
an output power of 0 dBm or more. The third-order 
intermodulation distortion is generated in frequencies 
of 2.045 GHZ and 2.06 GHz. However, the third-order 
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intermodulation distortion is of the order of 40 uV in 
the circuit (FIG. 4) of the present invention. 
Therefore, the distortion indicates -78 dBc, and is 
very small for a large signal output. 
5 on the other hand, in the conventional circuit, 

the output is of the order of 150 mV and the output 
power is of the order of -6 dBm. 

in this case, the third-order intermodulation 
distortion of -23 dBc is generated at 10 mV, and this 
LO is a level which causes a practical trouble. These 

results reveal that the circuit (FIG. 4) of the present 
invention increases the output power with respect to 
the desired signal, and provides an effect of 
remarkably reducing the distortion as compared with the 

15 conventional circuit. 

FIG. 8 shows signal currents passed through the 
differential amplifier and common-emitter amplifier of 
the amplifier circuit when an output signal spectrum 
during input of two tones of high-frequency signal into 
the circuit of FIG. 4 is measured, and a signal 
spectrum of a current obtained by combining the signal 
currents by a common collector. Similarly as FIG. 7, 
assuming that the frequencies of the input signal are 
2.05 GHZ and 2.055 GHz, the third-order intermodulation 
25 distortion is measured at 2.045 GHz. 

When the third-order intermodulation distortion is 
noted, large values of both an output current (1) of 



20 
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the conm>on-amitter amplifier and an output current (2) 
of the differential amplifier are generated, but these 
values are substantially equal to each other. On the 
other hand, the value of the combined current of these 
currents is a value extremely lower than the value of 
each of the output currents. This result is similar to 
a principle in which the distortion is offset by 
parallel connection of the amplifier having the 
exponential characteristic and the amplifier having 
the hyperbolic tangent function characteristic in 
equation (5). The measurement result shows that the 
amplifier circuit can be realized in a practically 
useful state. Furthermore, for the spectrum of 
2.05 GHZ of the desired signal, the combined current 
indicates an added value of the respective signal 
currents of the common-emitter amplifier and 
differential amplifier, and both amplifiers effectively 
strengthen each other with respect to the desired 
signal- 

riG. 9 shows signal Input/output characteristics 
of the circuit (FIG. 4, of the present invention and 
the conventional general differential circuit with the 

^Ar.r. A solid line shows the desired 
same power consumption. A soiia ixx 

signal and third-order intermodulation distortion 
Characteristic in the circuit (FIG. 4) of the present 
invention, and a broken line shows the desired signal 
and third-order intermodulation distortion 
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characteristic in the conventional circuit. The 
circuit (FIG. 4) of the present invention shows 
a result of adjustment of a bias in order to obtain 
an optimum third-order intermodulation distortion 
characteristic for each signal input power. According 
to the result, in the circuit of the present invention, 
a gain of 10 dB is obtained, and an output power of 
10 dBm or more is obtained. Even in this case, the 
third-order intermodulation distortion is -70 dsc or 
less and a very satisfactory characteristic is 
obtained. 

on the other hand, in the conventional circuit, 
the gain is as low as about 4 dB, the distortion 
is -10 dBc during output of 0 dBm, and the result is 
very bad as compared with the present invention. 

FIG. 10 is a circuit diagram showing a circuit 
configuration in which the second embodiment is applied 
to a mixer circuit. The transistors Qti and Qt2 
comprises the differential transistor circuit, and the 
constant current source 1, comprises the cononon current 
source of the differential pair of transistors. The 

. are common-emitter transistors 

transistors Qei and Qe2 ^re 

and respective emitters thereof are grounded. The 
bases of the transistors Qrl and QeI "e connected to 
the signal input terminal 0, via the capacitors C, and 
C„ respectively, and the bases of the transistors Qt2 
and QE2 are connected to the signal input terminal 



via the capacitors and C3, respectively. The 
differential signal is inputted via the terminals Di 

and ^2- 

Transistors Qi, Q2 and Q3, Q4 comprise respective 
differential pair of transistors, the bases of the 
transistors Qi and Q4 are connected to a local 
oscillation signal input terminal LOi, and the bases 
of the transistors Q2 and Q3 are connected to a 
local oscillation signal input terminal LO2. The 
differential signal is inputted via LOi and LO2. 
The collectors of the transistors Qti and QeI are 
connected as the common terminal to the signal output 
terminals Oi and ©2 via common emitter of the 
transistors Qi and 02^ and the collectors of the 
transistors Qt2 and Qe2 are connected as the common 
terminal to the signal output terminals Oi and O2 via 
the common emitter of the transistors Q3 and Q4- 

The respective bias potentials of the transistors 
Qti, Qt2, QeI and Qe2 are supplied from the bias level 
control circuit 201. It is assumed that the bias 
potential supplied to the transistors Qti and Qt2 is 
VB2, and the bias potential supplied to the transistors 
QEI and QE2 is ^B3- coefficient A of the equation 

(1) is determined by the value of the constant current 
source Ii regardless of the value of Vb2 • On the other 
hand, the coefficient B of the equation (3) depends on 
the value of Vbs- Therefore, the value of Vb3 is 
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adjusted so as to be B = A, and the current 
Characteristic causing no third-order intermodulation 
distortion is therefore obtained from the equation (6,. 
additionally, the current source n may be a variable 
current source. In this case, the value of H ^ay be 
adjusted so as to be B - A, or both Vb3 and H may be 
adjusted so as to be B = A. 

AS described above, the voltage value Vb3 or the 
value of the current source H is changed by the bias 
level control circuit, and the value is adjusted to be 
opti^u. so that the equation (6, is obtained. However, 
in the alternative method, the optimum value of the 
emitter size or the optimum value of the number of 
transistors is estimated with respect to the 

n o^i and Qe2 in the design stage, 
transistors Qti» Qt2' QeI ^ez 

T T, is designed as the fixed 
and the bias level or Ii is aesign« 

source . 

FIG. 11 shows a circuit diagram of another 
embodiment comprising the circuit configuration of 
riG. 2. The transistors Qti and Qt2 comprise the 
complementary transistor circuit, the emitters of the 
transistors Qti and Qt2 are connected to impedance 
elements .d, and zd,. respectively, and the other ends 
of the impedance elements zdi and Zd^ are connected to 
the variable current source l^. The variable current 
source H comprises the common current source of the 
differential pair of transistors. The transistors Qei 
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and Qe2 are common-emitter transistors, the respective 
emitters thereof are connected to impedance elements 
Zd3 and Zd^, respectively, and the other ends of the 
impedance elements Zda and Zd^ are grounded via the 
variable voltage source Vn. The bases of the 
transistors Qti and Qei are connected to the signal 
input terminal Di, and the bases of the transistors Qt2 
and Qe2 are connected to the signal input terminal D2. 
The differential signal is inputted via the terminals 
Di and D2. The. collectors of the transistors Qti and 
Qei are connected as the common terminal to the signal 
output terminal loutl^ and the collectors of the 
transistors Qt2 and Qe2 are connected as the common 
terminal to the signal output terminal lout2* 

The current value of the variable current source 
II of the differential pair of transistors Qti and Qt2 
is set to lEi- in this case, the coefficient A of the 
equation (1) substantially indicates a value of Iei- 
On the other hand, the voltage value of the variable 
voltage source Vn for determining the emitter 
potentials of the common-emitter transistors Qei 
and Qe2 is set to Vei- Moreover, the signal input 
terminals Di and D2 are fixed at the predetermined bias 
potential VBl, and the coefficient B of the equation 
25 (3) indicates a value determined by Vbi and -Vei- 

The value of Vei adjusted so as to be B = A, 
and the current characteristic causing no third-order 
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intermodulation distortion is obtained in the 

equation ( 6 ) . 

The impedance elements Zdi, Zdz, Zds and Zd4 
function as degeneration elements in a used frequency 
band, VT in denominators of the equations (1) and (3) 
increases by a voltage generated at the degeneration 
elements, and therefore a fluctuation of Al to Vm can 
be reduced. As a result, even when Vm is used 
together with the system of the present invention and 
further increases, the distortion can be inhibited. 
Additionally, only the impedance elements Zdi and Zd2 
or Zd3 and Zd4 may be disposed. 

AS described above, the voltage value Vei of the 
variable current source is changed, and the value 

is adjusted to be optimum so that the equation (6) is 
obtained. However, in the alternative method, the 
optimum value of the emitter size or the optimum value 
of the number of transistors is estimated with respect 
to the transistors Qti, Qt2. QeI and Qe2 in the design 
stage, and Ii and Vn are designed as the fixed 
sources. 

FIG. 12 is a circuit diagram of another embodiment 
comprising the circuit configuration of FIG. 4. The 
transistors Qti, Qt2 comprise the complementary 
transistor circuit, the emitters of the transistors 
Q^l, Qt2 are connected to the impedance elements Zdi 
and Zd2, respectively, and the other ends of the 
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impedance elements Zdi and Zdj are connected to the 
constant current source Ii- The constant current 
source Ii comprises the common current source of the 
differential pair of transistors. The transistors Qei 
and Qe2 are common-emitter transistors, and the 
respective emitters thereof are grounded via the 
impedance elements Zdg and Zd4. The bases of the 
transistors Q^i and Qei are connected to the signal 
input terminal Di via the capacitors Ci and C4, and the 
bases of the transistors Qt2 and Qe2 are connected to 
the signal input terminal D2 via the capacitors C2 
and C3. The differential signal is inputted via the 
terminals Di and D2 • The collectors of the transistors 
Qti and Qei are connected as the common terminal to the 
signal output terminal Oi via the cascode connection 
transistor Qci, and the collectors of the transistors 
Qt2 and Qe2 are connected as the common terminal to the 
signal output terminal O2 via the cascode connection 

transistor Qc2 • 

The respective bias potentials of the transistors 
Qti, Qt2, Qei and Qe2 are supplied from the bias level 
control circuit 201. The bias potential supplied to 
the transistors Qti and Qt2 is Vq2> and the bias 
potential supplied to the transistors Qei and Qe2 
is Vb3. The coefficient A of the equation (1) is 
determined by the value of the constant current source 
ll regardless of the value of V^2- On the other hand. 
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the coefficient B of the equation (3) depends on 
the value of Vb3- Therefore, the value of v^j 
is adjusted so as to be B = A, and the current 
Characteristic causing no third-order internodulation 
distortion is therefore obtained from the equation (6). 
Additionally, the current source H may be the variable 
current source, in this case, the value of H may be 
adjusted so as to be B = A, or both Vb3 and H may be 
adjusted so as to be B = A. The impedance elements 
Zdi, Zd2, ^d3 and Zd4 function as degeneration elements 
in the used frequency band, VT in denominators of 
the equations (1) and ,3) increases by the voltage 
generated at the degeneration elements, and therefore 

X At v- can be reduced. As a 
the fluctuation of Al to V^n can b« 

v,«„ ^7. is used together with the system 
result, even when Vin is usea w\) 

of the present invention and further increases, the 
distortion can be cancelled. 

AS described above the voltage value Vb3 or the 
value of the current source n is changed by the bias 
level control circuit, and the value is adjusted to be 
optimum so that the equation ,6, is obtained. However, 
m the alternative method, the optimum value of the 
emitter size or the optimum value of the number of 
transistors is estimated with respect to the 
transistors Qti, Qt2. QeI -d 0^2 i- ^-"9" 
and the bias level or I i is designed as the fixed 
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FIG. 13 is a circuit diagram of another embodiment 
in which the present invention is applied to the 
single-phase signal input circuit. The transistors Qti 
and Qt2 comprise the complementary transistor circuit, 
and the constant current source H comprises the common 
current source of the differential pair of transistors. 
The transistor Qei is the common-emitter transistor and 
the emitter thereof is grounded. The bases of the 
transistors Qti and Qei are connected to the signal 
input terminal Di via the capacitors Ci and C2, 
respectively, and the potential of the base of 
the transistor Qt2 fi^ed by the constant voltage 
source Vi. A single-phase signal is inputted via the 
terminals Di. The collector of the transistors Qti and 
is the common terminal having a load of an inductor 
Li, and connected to the signal output terminal 01 via 

the capacitor €22- 

The respective bias potentials of the transistors 
and Qei are supplied from the bias level control 
circuit 201. The bias potential supplied to the 
transistor Qti is set to V^2. and the bias potential 
supplied to the transistor Qei is set to Vbs- The 
value of Vb2 is set to be substantially the same as 
that of the bias potential Vi of the transistor Qt2 • 
The coefficient A of the equation (1) is determined by 
the value of the current flowing through a resistor Rti 
regardless of the value of Vb2 • On the other hand. 
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the coefficient B of the equation (3) depends on the 
value of Vb3. Therefore, the value of Vb3 is adjusted 
so as to be B = A, and the current characteristic 
causing no third-order intermodulation distortion is 
therefore obtained from the equation ( 6 ) . 

AS described above, the voltage value Vb3 is 
changed by the bias level control circuit 201, and the 
value is adjusted to be optimum so that the equation 
(6) is obtained. However, in the alternative method, 
the optimum value of the emitter size or the optimum 
value of the number of transistors is estimated with 
respect to the transistors Qti^ Qt2 and Qbi in the 
design stage, and the bias level is designed as the 

fixed source. 

FIG. 14 is a circuit diagram of another embodiment 
showing the concrete circuit configuration of FIG. 3. 
The transistors Qti and Qt2 comprise the differential 
transistor circuit, and a transistor QIC for the 
current source and a resistor R8 comprise the common 
current source of the differential pair of transistors. 
The transistors Qei and Qe2 are common-emitter 
transistors, and the respective emitters thereof are 
grounded via transistors Qg and Qn connected via the 
diode. Moreover, the emitters of the transistors Qei 
and Qe2 are grounded via capacitors C5 and Cs in a high 
frequency. The bases of the transistors Qti and Qei 
are connected in common to the emitter of an emitter 
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follower transistor Q3 . The bases of the transistors 
Qrp2 and Qe2 similarly connected in common to 

the emitter of the emitter follower transistor Qi- 
The transistors Qi and Q2f and resistor Ri comprise 
5 an emitter follower circuit, and the base of the 

transistor Qi is connected to the signal input terminal 
D2 via the capacitor C2. Similarly, the transistors Q3 
and Q4, and resistor R2 comprise the emitter follower 
circuit, and the base of the transistor Q3 is connected 

10 to the signal input terminal Di via the capacitor Ci. 

The differential signal is inputted via the terminals 
Di and D2. The collectors of the transistors Qt2 and 
Qgl are connected as the common terminal to the signal 
output terminal loutl- inductor Li, capacitor C^i 

15 and resistor R7 are connected as a load in parallel 

with one another between the terminal loutl power 
source Vqq. The collectors of the transistors 0^2 and 
Qg2 are connected as the common terminal to the signal 
output terminal Iout2* '^^^ inductor 1^2 f capacitor C7, 

20 and resistor R9 are connected as the load in parallel 

with one another between the terminal Iout2 power 
source V^c- 

The respective bias potentials of the paired 
transistors Q^i and Qgir and Qt2 and Qe2 are controlled 
25 by base potentials of the emitter follower transistors 

Ql and Q3, respectively. The base potential is 
controlled by the current I2 flowing through a current 



27 - 



10 



mirror circuit connected to the transistors via 
resistors R5 and R4 • Here, the current mirror circuit 
comprises the current source I2, resistor Re, 
transistors Qg, Q7 ^nd Qg, and capacitor C4. 

The current flowing through the transistors Qti 
and Qt2 is controlled by the base potential of the 
transistor QIO for the current source, and the base of 
the transistor is connected to the current mirror 
circuit configured by a current source I3. transistor 
Ql2, resistor Riq, and capacitor C9 . Therefore, 
the current flowing through the transistors Qti and Qt2 
is controlled by the current value of the current 
source I3. The coefficient A of the equation (1) is 
determined by a control current value of the current 
source I3, and the coefficient B of the equation (3) is 
determined by the control current value of the current 
source I2. Therefore, the current source I3 is 
adjusted in order to obtain a desired output power, and 
the current source I2 is adjusted in order to remove 
the distortion by the output power. Thereby, the 
condition of B = A is satisfied during outputting of 
a desired signal, the distortion term is cancelled from 
the equation (6), and the current characteristic can be 
obtained in which the third-order intermodulation 
25 distortion is cancelled. 

The method of adjusting the current sources 12 and 
13, changing the base bias levels of the transistors 
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QtI' QeI' Qt2 Qe2 current values of the 

transistors QTl and QT2 and obtaining the optimum value 
in the equation (6) has been described above. However, 
there is another method of estimating the optimum value 
5 of the emitter size or the optimum value of the number 

of transistors with respect to the transistors QtI/ 
QeI' Qt2 Qe2 design stage, and using the 

current sources I2 and I3 as the fixed sources. 

FIG. 15 is a block diagram showing the basic 

10 configuration of the amplifier circuit according to a 

third embodiment. In FIG. 15 the signal is inputted 
via the terminal V^^, and outputted via the terminal 
Vout* '^h® amplifier circuit of the third embodiment 
comprises two amplifiers connected in parallel with 

15 each other, and the signal input terminal and signal 

output terminal are common with the circuits. One of 
the two amplifiers is the exponential circuit 101 whose 
signal input/output characteristic (voltage signal 
input-to-current signal output characteristic) is 

20 substantially the exponential characteristic, and the 

other is the tanh circuit 102 which substantially has 
the hyperbolic tangent function characteristic. 

The present circuit configuration comprises the 
bias level control circuit 201 configured to control 

25 the bias voltages to be supplied to the two amplifiers, 

and a signal peak detector 301 that detects a peak 
value of the signal. At least one of a signal input 
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section and signal output section inputs a signal value 
to the signal peak detector 301, and a control signal 
is inputted to the bias level control circuit 201 in 
accordance with the signal value. Based on this 
5 result, the bias voltages to be supplied to the two 

amplifiers are determined. According to the third 
embodiment, for the bias potential of the amplifier, 
even when the input signal power changes, an optimum 
bias potential is automatically supplied, and a 

10 satisfactory output signal with a suppressed distortion 

can be obtained. 

FIG. 16 is a block diagram showing the basic 
configuration of the amplifier circuit according to 
a fourth embodiment. In FIG. 16 the signal is inputted 

15 via the terminal Vinr and outputted via the terminal 

Vouf "T^® amplifier circuit of the fourth embodiment 
comprises two amplifiers connected in parallel with 
each other, in which the signal input terminal and 
signal output terminal are common with the circuits; 

20 and a variable amplifier 4 02 connected in cascode 

(tandem) with outputs of two amplifiers. One of the 
two amplifiers is the exponential circuit 101 whose 
signal input/output characteristic (voltage signal 
input current signal output characteristic) is 

25 basically the exponential characteristic, and the other 

is the tanh circuit 102 which basically has the 
hyperbolic tangent function characteristic. 
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The present circuit configuration comprises the 
bias level control circuit 201 configured to control 
the bias voltages to be supplied to the two amplifiers, 
and a gain controller 401 configured to control a gain. 
5 The control signal is inputted via a control signal 

input terminal CTRLin/ and a gain control signal is 
inputted to the bias level control circuit 201 and 
variable amplifier 402 in response to the inputted 
control signal. As a result, the bias voltage to be 

10 supplied to the two amplifiers is determined in 

accordance with the gain control. According to the 
fourth embodiment, for the bias potential of the 
amplifier, even when the output signal power changes, 
an optimum bias potential is constantly supplied, and 

15 the satisfactory output signal with the suppressed 

distortion can be obtained. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 

20 the specific details and representative embodiments 

shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



